Abstract: Maize (Zea mays L.) is the most widely grown important crop in mid altitude areas of intensive maize-based cropping system of western Ethiopia. Agronomic management is the most important input for getting potential yield and high net returns in hybrid maize production. A field experiment was carried out on farmers' field to find out the effect of varieties (four maize) and nitrogen fertilizer rate (55, 110 kg N ha 2 140 were desirable varieties for further promotion work and use by smallholder farmers in mid altitude area of western Ethiopia.
period. Worldwide, nitrogen use efficiency (NUE) for cereal production is approximately 33 % [17] . Identification of maize varieties with greater N use efficiency would make a great contribution to smallholder farmers for sustainable maize production in the region. NUE in cropping system depends on the applied N and plant N uptake. Exploring NUE maize varieties helps to understand the rate of N applied in relation with crop N requirement.
Furthermore, understanding the efficient NUE maize varieties help to reduce the N fertilizer cost and loss to the environment. Thus, the objective is to determine better nitrogen use efficiency and yield of maize varieties for sustainable maize production in mid altitude areas of western Ethiopia.
Materials and methods
The experiment was conducted on six farmers' field around Bako Tibe in 2013 and 2014 cropping seasons. The area lies between 8'59'31''N to 9 [19] . The soil type is brown clay loam Alfisol [20] . The experiment was laid out in factorial combinations with complete block design in three replications. Five maize varieties from subhumid mid altitude area were used as main factors. Two level of nitrogen  half of the recommended (55 Kg N ha -1 ) and recommended (110 Kg N ha -1 ) will be used as sub factor.
Soil sampling and analysis: The soil samples was before treatment application from 10 sites randomly and composited one for analysis. The collected soil analysis were prepared following standard procedures and analyzed at Holleta and Debre Zite Agricultural Research
Center Soil and Plant Analysis Laboratory. Determination of soil particle size distribution was carried out using the hydrometer method [21] . The soil pH was measured with digital pH meter potentiometrically in the supernatant suspension of 1:2.5 soils to distilled water ratio.
Organic carbon was determined following wet digestion methods as described by [22] whereas kjeldahl procedure was used for the determination of total nitrogen (N) as described by [23] . The available P was measured by Bray II method [24] and available potassium (K) was measured by flame photometry. The steam distillation method was used for determination of NO3 and NH4 as described by [25] .
Crop parameters: grain yield thousand seed weight, and dry biomass and harvest index after maturity and harvesting of maize. The grain yield were harvested from the net plot (3 m x 5.1m =15m 2 ). The harvested grain yield was adjusted to 12.5 % moisture level [26, 27] .
The adjusted seed yield at 12.5 % moisture level per plot was converted to grain yield as kilogram per hectare.
Plant tissue sampling and analysis: The tissue of maize was collected at 50 % tasseling of maize from three replications and composited to after chopping. The grain of maize was collected after harvesting of the crop. The collected tissue and grain was prepared following standard procedures and analyzed at Holleta and Debre Zite Agricultural Research
Center Soil and Plant Analysis Laboratory. The maize tissues and grain were subjected to wet digestion (Jones and Case1990). The N content of the plant tissue was determined by
Kjeldahl procedure, whereas the P content was determined by colorimeterically according to [28] .
Total N uptake was calculated as = nutrient concentration x dry biomass weight (kg ha -1 ) of maize. Nitrogen agronomic efficiency (NAE), which is defined as the efficiency of converting applied N to grain yield (Wu et al, 2011) . Agronomic efficiency is calculated as the amount of harvestable product, i.e. kg of cereal per kg of applied nutrient (N) [29] .
( )
Where YN and Y0 are the grain yield with and without N applied, respectively; and FN is the amount of N fertilizer applied.
The N uptake efficiency (UEN) is the total amount of N absorbed (including that present in the roots, often disregarded) per kg of applied N.
Plant nitrogen use efficiency/ physiological efficiency is calculated as total dry matter or grain yield produced per unit of N absorbed. N utilization efficiency was calculated as described by [30] .
Apparent fertilizer N use (recovery) efficiency (ANRE) is the amount of fertilizer N taken up by the plant per kg of N applied as fertilizer. Apparent N fertilizer recovery (ANRE)
was calculated as it is described by [29, 31] .
The data analyses for agronomic data were carried out using statistical packages and procedures of SAS computer software [32] . Mean separation was done using least significance difference (LSD) procedure at 5 % probability level [33] .
3.Results and discussion

Some soil chemical and physical properties of study area
The result of soil chemical and physical properties of different farm field's soil has been indicated in Table 1 . All the six-farm soil was clay in textural classes. The soil pH in H2O
was ranged from 4.63 to 5.45. This implies that the soil reaction all six farms were found in very strongly acidic to moderately acidic range [34, 35] . Sound soil management practices are required to use this soil for sustainable crop production.
Total N and P were ranged from 0.17 to 0.23 %; and 4.18 to 7.52 ppm (Table 1) . The total N concentrations for all six farms were found in very low, medium to high range [34] [35] [36] . In Alfisol the total N was in medium range the amount of N required to amend the soil and have a high potential for maize production. Tsagaye and Gutu Tolera.
The extractable phosphorus concentration of was found in low to medium range [34, 35] . The lower and medium extractable soil P content of different farms was a good indicator of the soil P supply for agricultural maize production in different soils scenarios of various farm fields. The different farm fields were needs different rates of nitrogen and phosphorous fertilizer management practices to get the potential yield of maize. The organic carbon and organic matter concentrations were ranged 2.07 to 2.77 and 3.56 to 4.76 % which is found low to medium range [34] [35] . The nutrient retention capacity of the six farm soil was very low, low to medium and low in microbial population. The CEC concentration was ranged from 19.7 to 38.5 cmol + kg -1 and found in medium to high range [34, 35] . Horneck et al. [37] soils with high clay and/or organic matter content have high CEC. The NO3-N concentration of the six farm soil was ranged between 30.17 to 66.38 ppm (Table 7 .1), found in high to very high range [38, 39] ; excessive range [40] . The NH4-N concentration of the soil was ranged from trace to 11.75 ppm (Table 1) found in optimum range [37] . The NO3-N and NH4+N
concentration of the soils were found in optimum range for sustainable maize production.
Therefore, lower input of nitrogen fertilizer was recommended for sustainable maize production in mid altitude agroecology of Bako Tibe districts.
Mean grain yield and thousand seed weight of maize
Summarized mean grain yield and thousand seed weight of maize was presented in Table 2 and 3. Mean grain yield of maize was significantly different among varieties, across farms and combined over farms (Table 2) . % across farms were produced from maize planted with half and full recommended nitrogen applied as compared to maize varieties planted without nitrogen. Furthermore, application of full recommended nitrogen across farms gave grain yield advantage of 8.09 % as compared maize planted with half recommended nitrogen applied.
Maize varieties were revealed significantly difference in thousand seed weight among farms and combined across farms (Table 2) . Significantly higher thousand seed weights were obtained from BH-540, BH-5443, BH-660, BH-661 and BH-140 in descending order, respectively across farms (Table 2 ). This indicates different varieties were varied in seed size and carbohydrate accumulation in the seed coats. Application of nitrogen was nonsignificantly influenced mean thousand seed weight of maize varieties across farms (Table 2) .
Interaction maize varieties with nitrogen rate were significantly affected mean grain yield of maize among farms and combined across farms to (Table 3 ). This is implying that the responses of different maize varieties to rates of N fertilizer were different. Le Gouis et al. [42] confirmed that there is a genetic variability for grain yield at a low N level and that the genotype x N level interaction is significant. recommended nitrogen fertilizer as compared to maize variety planted with nitrogen. The grain yield of maize was increased as the rate of nitrogen fertilizer increased (Moser, 2004 ).
Maize varieties BH-661 followed BH-660 were ranked first and second among the maize varieties used. Higher mean grain yield and nitrogen use efficiency were obtained from BH-661 followed BH-660 varieties of maize. This indicates maize varieties with higher grain yield potential had higher nitrogen use efficiency.
Thousand seed weight of maize was significantly influenced by interaction of maize varieties with nitrogen rates applied (Table 3) . Mean thousand seed weight ranged between 373 to 416 g among farms. Combined mean across farms, thousand seed weight ranged between 366 to 422 g. The lowest thousand seed weight was obtained from maize varieties planted without nitrogen application. Different maize varieties were gave varied mean thousand seed weight with nitrogen rate application. BH-661 and BH-660 were gave higher mean thousand seed weight with full recommended nitrogen application as compared to other maize varieties which vise verse with nitrogen application.
Mean dry biomass and harvest index of maize
The summarized analysis mean results of dry biomass and harvest index of maize varieties are presented in Table 4 and 5. Significant differences were observed among maize varieties on mean dry biomass across farms and between varieties ( (Table 4 ). This justifies there were variations among maize varieties in dry matter accumulation and morphological growth. Application of nitrogen was non-significantly affected mean dry biomass of maize varieties (Table 4 ).
Higher mean dry biomass was harvested from application of recommended (110 kg ha-1) nitrogen fertilizer as compared to maize planted with half recommended N and without nitrogen fertilizer application (Table 4) . Interaction of varieties by nitrogen rates were significantly affected mean dry biomass of maize across farms and among varieties (Table 5) . Mean dry biomass of maize varieties were ranged from 10012 to 22413 kg ha -1 , which received from farm 2 and farm 6 ( Table 5 ).
All maize varieties were produced significantly higher mean dry biomass with application of half and recommended nitrogen fertilizer as compared to maize variety planted without nitrogen fertilizer (Table 5) . At half recommended and full recommended nitrogen application mean dry biomass advantages ranged from 17.13 to 92.21 % and 25.58 to 92.75
% as compared maize variety planted without nitrogen application. Anbessa and Juskiw [43] stated high biomass is the result of the plant's internal efficiency to utilize the N taken-up to produce dry matter and there is a direct relationship between biomass and N utilization efficiency. Dry Biomass is certainly an important component of grain yield and NUE in all grain crops [44] . Lemaire et al. [45] reported high above-ground biomass is often associated with a well-developed root system and more N uptake. Gava et al. [46] found increase in dose of nitrogen fertilizer caused increase in dry matter and dry matter production rate in corn.
Nitrogen fertilizer promoted increase 79.5 % in shoot dry matter production of corn plants as compared to without fertilizer treatment [47] . This revealed application of nitrogen was very crucial for improved maize varieties production in the agroecology.
Main effects varieties were significantly affected mean harvest index of maize varieties at farm 2, farm4, farm5 and farm 6 ( Table 4) . Across farms, mean harvest index of maize varieties was ranged from 21.98 to 41.17 %, which received from farm 6 and farm 5. Higher mean harvest index was harvested from BH-540 followed by BH-660 and BH-140, respectively. Application of nitrogen rates were non-significantly affected mean harvest index maize varieties across each farms except farm 1.
Interaction of maize varieties by nitrogen rates were significantly affected mean harvest index maize varieties (Table 5 ). Across farm mean harvest index were ranged from 23 to 42 %, which received from farm 6 and farm 5. Application of nitrogen fertilizer at half and recommended fertilizer rate were gave significantly higher mean harvest index as compared maize varieties planted without fertilizer application. F-1-F6= Farmers name (Takele Uluma, Adisu Fufa, Adisu Likessa, Mulatu Shukar, Tesfaye Tsagaye and Gutu Tolera), NS=Non-significant difference at 5 % probability level, 50 % and 100 % RR= half and full doses (55 and 110 kg N ha -1 ) recommended for maize.
Mean harvest index advantages of 8.1 % at half nitrogen and 5.5 and 11.2 % at full recommended nitrogen application as compared maize varieties planted without nitrogen application were obtained from BH-540 and BH-660. This indicates application of nitrogen fertilizer was give more yield as compared to planting maize varieties without nitrogen fertilizer application. This justifies BH-540 and BH-660 had better response to applied nitrogen fertilizer. Improved nitrogen use efficiency by better varieties can be achieved by selecting for cultivars with high harvest index [48] . Therefore, application of optimum nitrogen fertilizer was very crucial for sustainable maize production. In conclusion planting of maize varieties with optimum nitrogen application was far most important for sustainable maize production.
Nitrogen up take and agronomic efficiency of maize
The nitrogen uptake and agronomic efficiency of maize varieties are indicated in Table   6 . Nitrogen uptake of maize varieties was varied across farms and among varieties. Vanlauwe et al. [53] suggested the use of improved germplasm is essential to ensure that the supply of nutrients is matched with an equivalent demand for those nutrients. All inputs need to be managed following sound agronomic principles [54] . The highest and lowest mean agronomic efficiency was received from BH-661 and BH-140. This indicates maize varieties with higher agronomic efficiency were produced higher mean grain yield.
Nitrogen up take efficiency, Nitrogen physiological efficiency and fertilizer N use efficiency of maize
The summarized results of nitrogen uptake efficiency, nitrogen use efficiency and fertilizer N use efficiency are indicated in Table 7 and 8. Across farms mean nitrogen uptake efficiency of 0.51, 0.78, 1.78, 2.25, 2.32 and 2.65 kg N uptake kg N applied -1 were obtained from maize varieties planted on farm 2, farm 5, farm3, farm 1, farm 6 and farm 4, respectively (Table 7) . Farm1, farm6 and farm4 had better nitrogen uptake efficiency of maize varieties among other farms. Significantly better maize production was obtained from the above three farms. The three farms had better soil fertility status and productive potentials of maize varieties. BH-140 and BH-660 maize varieties were had higher nitrogen uptake efficiency at half recommended nitrogen application whereas BH-540, BH-543 and BH-661
were had at recommended nitrogen fertilizer application. Farm 1-6= farmers name (Takele Uluma, Adisu Fufa, Adisu Likessa, Mulatu Shukar, Tesfaye Tsagaye and Gutu Tolera), 50 % and 100 % RR= half and full doses (55 and 110 kg N ha -1 ) recommended for maize.
The nitrogen uptake efficiency of maize varieties was ranged from 6.24-22.76 and 5.05-12.05 kg N uptake kg N applied -1 with half and full recommended nitrogen fertilizer application. The nitrogen utilization efficiency decreased as the rate of nitrogen fertilizer increased and varieties differed significantly in N utilization efficiency [55] . Similarly, Correia Granato et al. [56] found nitrogen absorption (uptake) efficiency was showed greater genetic variability under low N availability. The highest mean nitrogen uptake efficiency was obtained from BH-661 followed BH-660 and BH-543 among other varieties of maize.
Therefore BH-661> BH-660> BH-543 were the most promising varieties with nitrogen uptake efficiency and sustainable production of maize in the region.
The nitrogen physiological efficiency of maize varieties was varied across farms, nitrogen rates and among maize varieties used ( were had better nitrogen physiological efficiency as compared to other farms. This indicates producing maize varieties on these four farms had a good potential for sustainable maize production in the region which implies better fertility status of the above four farms. Soil quality heterogeneity has been shown to be a factor in NUE on smallholder production fields, with much lower NUE in 'outfields' which are extensively management and sometimes associated with low soil organic matter [57] . The mean nitrogen physiological efficiency of maize varieties ranged from 10.52 to 18.32 for half recommended nitrogen application and -29.84 to 14.97 kg grain kg N uptake -1 for full recommended nitrogen fertilizer (Table 7) .
Except BH-140, all other maize varieties were showed better nitrogen physiological efficiency at half recommended nitrogen fertilizer application. Higher mean nitrogen physiological efficiency of maize varieties was obtained from half recommended nitrogen application as compared to full recommended nitrogen rate. Enhanced efficiency fertilizer (EEF) can improve the crop N use efficiency (NUE) as well as minimize negative environmental losses compared to conventional fertilizers [58, 59] . Hart et al. [60] reported nitrogen use effectiveness at increasing the NUE of corn has been variable. Presterl et al. [61] observed that nitrogen absorption (uptake) efficiency and nitrogen utilization efficiency were contributed to the genetic variation in NUE. Zhu [62] ; and Raun and Johnson [17] reported large amounts of N fertilizers are required to attain maximum yield and for which NUE is estimated to be far less than 50 %. Estimates of NUE on maize plots derived from nationally representative and site-specific household survey data in Malawi are typically in the range of 7 to 14 [63] [64] [65] [66] . Vanlauwe et al. [67] ; and Whitbread et al. [68] Nitrogen use efficiency is highest for the first unit of added N and it decreases with the increase in rate of N fertilization [69] . Similarly, Agostini et al. [70] ; Burns [71] stated the optimization of fertilization and the improvement of NUE of crops to achieve high yields with reduced N fertilization rates and limited environmental side effects related to N leaching. Bertin and Gallais [72] reported that the genetic variability in NUE under conditions of low N is primarily due to differences in nitrogen utilization efficiency. In contrast, Dovale et al. [73] and LeGouis et al. [42] concluded that the most important component for NUE under low N availability is nitrogen absorption (uptake) efficiency.
Enhanced NUE may result from increased efficiency of recovery of soil available N (uptake efficiency) and higher efficiency of utilization of the N taken up for grain formation (utilization efficiency) [14] . The highest nitrogen physiological efficiency was obtained from BH-661 followed by BH-660 and BH-543. Anbessa and Juskiw [43] suggested increase in NUE may allow growers ultimately to maximize yield under moderate N conditions rather than the need for high N conditions. The optimization of NUE rests on management practices that can counter N losses from the soil plant system [17] . Therefore, these three maize varieties had better potential for sustainable maize production and/or uses to develop nitrogen efficient varieties through breeding strategies.
The fertilizer N (recovery) use efficiency was varied across farms and nitrogen rates applied. Fertilizer N use efficiency was ranged from 52 to 232 among farms except farm 4 ( The apparent N fertilizer recovery decreased as the rate of nitrogen fertilizer increased [55] . Anbessa and Juskiw [43] stated increased N recovery and utilization efficiency may allow growers to maximize yield under a moderate rate of N fertilization instead of the traditional high rate of N fertilization. Soil N recovery and utilization efficiency may be increased through improved N management strategies that counter N losses from the soilplant system plus a superior capacity of the crop cultivar to take up and use available N [14] .
Anbessa and Juskiw [49] found combination of improved N management practices and more efficient cultivars should bring about a significant increase in NUE under low to moderate N application rates. The percentage N recovery varied among the genotypes tested, demonstrating that maize varieties may differ in total N loss [74] . Nitrogen is the key driver for cereal crop performance across most environments, both in terms of yield and stability of yield [67] . Snapp et al. [75] reported raising the efficiency of nitrogen use by maize is therefore crucial for the sustainability and economic feasibility of land intensification in the region. Hoisington et al. [76] stated the effective use of plant genetic resources will be required to meet the challenge posed by the world's expanding demand for food, the fight against hunger, and the protection of the environment. The mechanisms controlling plant N economy is essential for improving NUE and for reducing excessive input of fertilizers, while maintaining an acceptable yield and sufficient profit margin for the farmers [77] .
Considering both economically and environmental challenge by reducing both the cost and application of N fertilizers were possible through improving NUE. Moreover, improvement in yield for most crops over the last 50 years has been estimated to be 40 %, due to improvements in cultural practices and 60% due to genetic gains, thus indicating that testing for improved NUE is still possible [78] (Edgerton, 2009 ). The ratio of plant N content to the N supplied does not exceed 50 % whatever the level of N fertilization [79] , which suggests that improvement of NUE in this species is also a possibility [80] . Identification maize varieties with better NUE were agronomically and economically feasible and environmental safe for sustainable maize production and desirable for further breeding use. Strategies to improve NUE are to use genetic modification or to breed for new varieties that take up more organic or inorganic N from the soil N and utilize the absorbed N more efficiently [8, 81] .
Therefore, application of half recommended nitrogen fertilizer had better potentials for sustainable maize production in better soil fertility status.
4.Conclusion
Soil fertility problem was alleviated using improved crop management practices. Maize varieties with half recommended nitrogen fertilizer rate was agronomically gave higher grain yield and economical feasible for sustainable maize production. Identifying maize varieties with better nitrogen use efficiency was very crucial to reduce cost production for stallholder farmers and environmental pollination. In conclusion planting of maize varieties with optimum nitrogen application was far most important for sustainable maize production in the agroecology. In conclusion, the results empathy of NUE maize varieties with good agronomic practices is essential components of sustainable maize production in the area. 
